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Interrogation of MoOyCnHn
- chemifragments
illuminates Mo-(2-acetylene) interactions within 
MoxOy
- and ethylene reactions
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Calculations: uB3LYP/def2-SVPP optimization, CCSD(T) single-point
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Take-Away Points
• Monometallic species are formed via chemifragmentation of larger clusters
• Many of these chemifragment complexes feature C2H2 units
• η2-acetylene complexes are consistent with the experimental PES
BUT the vinylidene complexes cannot be definitively ruled out
Take-Away Points
• Monometallic species are formed via chemifragmentation of larger clusters
• Many of these chemifragment complexes feature C2H2 units
• η2-acetylene complexes are consistent with the experimental PES
BUT the vinylidene complexes cannot be definitively ruled out
And a Little Perspective
• Ethylene isn’t reactive with all metal oxide clusters…
i.e. NbxOy
- and TaxOy
-
• Chemifragmentation products have been seen before…
i.e. MoxOy
- + CH4 or C2H6
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4A 5N CC energy
MoCCH2 4A to trip ex # 3 CC energy
MoCCH2 4A to trip ex # 4 CC energy
0 1 2 3
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II
III
1-e-
forbidden 
triplet states
 𝑑 3B2 ← 
4B2
 𝑋 5B2 ← 
4B2
 𝑒 3B ← 4B2
*
 𝑋 5B2 ← 
6B2
 𝐴 5B ← 6B2
 𝐵 5A ← 6B2
 𝐶 5A ← 6B2
 𝐷 5A ← 6B2
 𝑋 5B2 ← 
4B2
 𝑎 3A1 ← 
4B2
1 Mo-C contracts with decreasing bond angle
2 Mo-C elongates with decreasing bond angle
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Electron Binding Energy (eV)
Transition

(cm-1)
ʹ 
(cm-1)
Q  
(Åamu1/2)
MoOC2H2
-
Structure I 3A ← 4A
Origin = 1.76 eV
T = 300 K
883 959 0.12 Mo=O stretch
623 681 0.33 H aʹ out of MoC2H2 plane bend
540 554 0.08 Mo-2 acet stretch
216 232 1 Mo=O bend
5Aʹ ← 4A
Origin = 2.63 eV
T = 300 K
833 730 0.49 H aʹ in MoC2H2 plane bend
540 373 0.9 Mo-2 acet stretch
1531 1798 .09 C-C stretch
883 933 0.1 Mo=O stretch
MoOC2H2
-
Structure II 3Aʹ ← 4A
Origin = 1.70 eV
T = 300 K
318 354 0.65 O-Mo-CCH2 high freq. bend
850 868 0.22 H-wag
885 972 0.16 Mo=O stretch
1401 1362 0.04 CH2 scissors
5Aʹ ← 4A
Origin = 2.16 eV
T = 300 K
850 880 0.42 H-wag
523 440 0.58 Mo-CCH2 stretch
318 261 0.78 O-Mo-CCH2 high freq. bend
1649 1710 0.08 C-C stretch
0 1 2 3
0 1 2 3
4A 3N
4A D01
4A D02
4A 5N
 𝑋 3  ← 4A
𝑎 5Aʹ ← 4A
 𝐴 3 ← 4A
 𝐵 3 ← 4A
0 0.5 1 1.5 2 2.5 3
0.000
0.001
3Aʹ ← 4A
5Aʹ ← 4A
Transition

(cm-1)
ʹ 
(cm-1)
Q  
(Åamu1/2)
MoO2C2H2
-
Structure I 1A1 ← 
2A1
Origin = 2.43 eV
T = 300 K
284 298 0.31 MoO2 bend
916 978 0.19 MoO2 sym stretch
835 798 0.13 H aʹ in MoC2H2 plane bend
560 538 0.17 Mo-2 acet stretch
MoO2C2H2
-
Structure II
1Aʹ ← 2A1
ADE = 2.48 eV
VDE = 2.75 eV
Combined low and high freq. modes most active and varied 
Q until calculated VDE was reproduced, holding ADE at 
calculated value.
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1Aʹ ← 2A1 II
1A1 ← 
2A1 I
X
MoO2
- + C2H2
dissoc. limit
MoO2
- spectrum
1A1 ← 
2A1
ADE shifted
Xʹ
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